Objective: To analyze a phylogenetic tree for understanding the molecular systematic of trematode in Family Heterophyidae, which are highly distributed in Thailand. Methods: Based on thirteen sequences of mitochondrial cytochrome c oxidase subunit I (mCO I) gene from six genera of heterophyid trematodes, viz. Haplorchis, Stellantchasmus, Centrocestus, Metagonimus, Pygidopsis, and Haplorchoides were aligned automatically using the Clustal x 2.0 program. A phylogenetic tree was constructed by maximum likeinghood (ML) and neighbor-joining (NJ) methods, with 1 000 bootstrap using the 5.0 program. Results: The phylogenetic relationship from both methods was similar and separated into three groups consisting of Haplorchoides pumilio group, Haplorchoides taichui group and another heterophyid genera. Conclusions: The sequence data of mtCOI can be used to investigate the phylogenetic relationships of trematodes at the genus level. Each clade of different genera of heterophyid trematodes can be separated into sister groups that correlated with the morphological characteristic, kind of secondary intermediate host and geographic distribution.
Introduction
Fish-borne trematodes in Family Heterophyidae are minute intestinal parasites of various definitive hosts such as birds, cats, rodents, dogs, and humansltl. Heterophydiasis has now a wide distribution in South-east Asia, especially in Thailand, Laos, and Vietnam [2] [3] [4] , and is contracted by humans by eating raw or improperly cooked fish [5-71. In Thailand, there are in five genera of trematodes in the family Heterophyidae viz. Haplorchis, Centrocestus, Stellantchasmus, Procerovum, and Haplorchoides [8-101. Several epidemiological investigations of trematode infections in Thailand have shown a high prevalence of heterophyid trematodes infections[1l-13J. Freshwater fish from the Mae Sa village stream in Chiang Mai Province have been investigated for trematode infection. Four species of heterophyid trematodes were found, viz. Haplorchis sp., Haplorchoides sp., Centrocestus caninus (C. caninus) and Stellantchasmus falcatus (5. falcatus) [14] Various conventional PCR-based methods have been developed to study the evolution, phylogeny, biogeography, and population genetics[17J. Mitochondrial-based PCR has been extensively used to study the phylogenetic relationship because mitochondrial genomes are apparent in the maternal mode of inheritance and with high a pair of primers is described by Yu et al[26J. It consists of (JB3) 5' TTTTTTGGGCATCCTGACGTTTAT 3/ as a forward primer and (JB 4,5) 5' TAAAGAAAGAACATAATGAAAATG 3' as a reverse primer. The PCR amplifications were carried out in a final volume of 20 mL, including 50 ng of DNA template, 50 pM of each primer (JB3 and IB4,5), 1.5 mM of MgCl z , 200 P. M of each dNTPs, and 0.5 unit of Taq DNA polymerase. The amplification procedure involved an initial denaturation step at 95 'C for 3 min, then 40 cycles including denaturation at 95 'C for 1 min, primer annealing at 50 'C for 1 min, extension at 72 'C for 1 minute, and final extension at 7 'C for 7 minutes, respectively. PCR products were analyzed after electrophoresis separation at 100 volt for 30 minutes on 1.8% agarose gels stained with ethidium bromide in TBE buffer. Gels were visualized by a Kodak digital camera (GelLogic 100). The sequence was carried out for checking by using the BLAST program in the National Center for Biotechnology Information database, to confirm the PCR target. The eletropherograms of each sequence were examined for sequence accuracy using a Sequence Scanner version 1.0 and Bioedit version 7.1. All sequences were aligned automatically using Clustal X version 2.0. Table 1 List of material and sequences of mCa I phylogenetic analysis.
Materials and methods

Phylogenetic construction
All phylogenetic trees were constructed using Mega version 5.0. All molecular data were analyzed by both maximum likeinghood (ML) and neighbor-joining (NI) methods. The reliability of internal branches in both trees was assessed using the bootstrap method, 1 000 replicates. Both methods used the Kimura two -parameter model. Metacercariae were collected from various fish species using the digestion technique with 1% pepsin solution [25] and then 200 metacercariae of each species of heterophyid trematodes were inoculated into one-day chicks (Gallus gallus domesticus). The adult stage of Haplorchoides sp, were collected from Bagrid catfish tHemibagrusjilamentus).
The genomic DNA of trematodes was extracted from 40 adult specimens of each heterophyid species using a commercial GF-l tissue DNA extraction kit (Vivantis, Malaysia) according to the manufacturer's instructions. All genomic DNA of each specimen were diluted to a concentration at 50 ng! p.L with elution buffer and kept at -20 oC until used.
The PCR amplification of partial mca I fragment uses by (A) tree form ML method (B) tree form NJmethod.
mCO I amplification protocol
Parasite specimens
The partial mCm nucleotide sequences of heterophyid trematode samples were used to understand their phylogenetic relationships. The length of partial mtCO I nucleotide sequence data was 370-390 bp. Heterophyid trematodes appear to be monophyletic using F. hepatica as an out-group.
Phylogenetic trees were constructed for the mCOI ( Figure  1 ) with sequence data from the character method (ML) and the distance method (NJ). Both methods show that the topology is similar among the trees. It is clear that the ML and NJ methods can be separated into three groups, viz. H. pumilio group, H. taichui group, and the other heterophyid genera group (Metagonimus, Stellantchasmus, Haplorchoides, Centrocestus, and Pygidiopsis). The Metagonimus species are in the same group with S. falcatus, Haplorchoides sp., The phylogenetic and systematic biology of heterophyid trematodes can be determined by a molecular approach using mCOI for DNA barcoding. Hence, the mtCOI sequences can demonstrate their relationship. Three groups were defined according to systematic criteria.
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